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Abstract
Sayram Lake is a plateau cold-water lake located in northwestern China. Peled (Coregonus peled ) was introduced to
Sayram Lake from Russia in 1998. The behavior characteristics of peled in Sayram Lake are important for ﬁshery
resource proliferation, effective ﬁshing, and sustainable development. In this study, we used an ultrasonic biotelemetry
system to track the ﬁsh around a large-scale set net in Sayram Lake. The purpose of this study is to study the behavior
characteristics of the peled and to provide suggestions for the improvement of the set net. The results showed that the
ﬁsh released in the playground of the set net rarely swam into the middle bag net. Six of the 11 experimental ﬁsh
wandered around the playground of the set net after being released and ﬁnally escaped from the set net within 17 h.
Finally, three of the released ﬁsh swam into the right-hand bag net of the set net. The ﬁsh that escaped from the set net
tended to swim clockwise along Sayram Lake and tended to swim toward shallow water. The main activity depth of the
ﬁsh was 0e15 m. The swimming speed of the ﬁsh in the lake ranges from 0.26 to 2.04 body length (BL) per second. This
information is of great signiﬁcance for the design and site selection of large-scale set nets.
Keywords: Ultrasonic biotelemetry, Tracking, Behavior characteristics, Swimming speed, Set net

1. Introduction

S

ayram Lake is located in Western China's
North
Tianshan
mountains
(E
81 050 e81 150 、N 44 300 e44 420 ), which has an
altitude of 2073 m, a circumference of 90 km, an
area of 458 km2, and a maximum depth of 102 m.
This lake is largely irregular in the shape of a
diamond and embedded in the mountain basin.
The annual average surface temperature of this
lake is about 7  C, and the lake has an ice period
from January to April. The lake basin formed in
the Pliocene of Tertiary Period or early Quaternary Period, which bears the whole quaternary
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glaciation [25]. The geographical location is
shown in Fig. 1. In the 1970s, Chinese ﬁshery researchers tried to introduce Gymnodiptychus
dybowskii, Leuciscus merzbacheri, etc. into the lake,
but all ended in failure. In 1998, peled and arctic
cisco (Coregonus autumnalis) were introduced to
the lake from Russia, and now peled has become
the main economic species in the lake [7]. The
annual output is about 300 t. Peled in Sayram
Lake cannot breed naturally and thus need to be
bred in a breeding factory and then transferred to
the lake. The breeding work for peled is difﬁcult,
so the juvenile peled is very precious; therefore, it
is very important to protect the juvenile ﬁsh.
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Fig. 1. Location of Sayram Lake and a large-scale set net (marked with a black star) in this study.

However, the traditional ﬁshing gear, the gill net
and the small set net, have poor selectivity for
juvenile ﬁsh, so juvenile ﬁsh are easily damaged
by this ﬁshing gear. A total of 28 small set nets
were distributed along the western coast of
Sayram Lake. When the production of small set
nets was insufﬁcient, less than 10 gill nets would
be randomly set along the whole coast of Sayram
Lake. Gill nets and small set nets also have other
disadvantages: they have high fuel consumption,
they are easy to break and lose, and they have a
bad inﬂuence on the environment. The lake is not
only a ﬁshery production lake but also a national
scenic spot in China, so environmental impacts
need to be considered while ﬁshery production is
being carried out.
In order to solve the above problems, in 2017,
researchers of the Dalian Ocean University and
Sayram ﬁshery company developed and designed a
large-scale set net by combining the experience of
using a small set net in the lake to replace the previous ﬁshing geardthe gill net and small set net.
The ﬁsh behavior information plays an important
role in designing and improving such a large-scale
set net. However, since most previous research on
peled focused on breeding, growth, and biology, the
research on its behavior has not been reported
[8,23].

The ultrasonic biotelemetry system has been used
in tracking a variety of aquatic animals ranging from
6-g salmon smolts to 150-t whales in oceans, rivers,
and lakes since its ﬁrst application in 1956; this
system has played an important role in the study of
ﬁsh behavior and ecological protection of ﬁshery
resources [4]. It is currently the most direct and
effective method to study the migration pattern,
spawning habitat, distribution characteristics, homing ability, home range size, and so on of ﬁsh in
open waters [1,3,11,18,21]. Moreover, by observing
the ﬁsh's response characteristics to ﬁshing gear, it
is also possible to provide scientiﬁc guidance on the
improvement of ﬁshing gear design and site selection [12,13,24]. Compared to rivers and oceans, it is
easier in lakes to study the behavioral characteristics
of ﬁsh using ultrasonic biotelemetry technology,
because lakes are closed waters. In recent years, the
Great Lakes Acoustic Telemetry Observation System (GLATOS) has done research on the behavior
of ﬁsh in some lakes of North America using ultrasonic biotelemetry technology. They have provided
useful information for lake ecological management
and ﬁshery managers [9,10,18]. However, at present,
there is no research on ﬁsh behavior using ultrasonic biotelemetry technology in cold water lakes on
the plateau. In theory, it is easier to conduct biotelemetry experiment on a plateau lake because of less
environment noise, and the target species of this
study is peled, which was introduced from Russia. It
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is important to study the behavior of such an alien
species in a plateau cold water environment.
Therefore, in this study, the ultrasonic biotelemetry system was used to track the peled and obtain
relevant behavioral information, so as to test the
ﬁshing effect of the new set net and provide a scientiﬁc basis for site selection and ﬁshing gear
improvement. We can also gradually grasp the
migration and related behavior characteristics of the
peled in Sayram Lake and lay a foundation for the
future behavior research of the ﬁsh on seasonal
tracking and on the whole lake scale.

2. Material and method
2.1. Long base line tracking in a large-scale set net
During June 22, 2018 to June 29, 2018, the Long
Base Line (LBL) ultrasonic biotelemetry system was
used to carry out the tracking experiment on the
peled in a large-scale set net, marked with a black
star in Fig. 1. The structure of the set net is shown in
Fig. 2; it consists of a lead net, a palyground, 2
middle bag net, and 2 bag net. The average water
depth of the playground area is 32.8 m. The actual
shape and size of the set net are measured using a
handheld GPS (GARMIN-621sc). A pretest was
conducted to detect the effective receiving distance
between the receiver and the ultrasonic transmitter
in the lake before setting the receiver array, and an
effective receiving distance of about 300 m was
conﬁrmed. The average distance between receivers

177

was 184 m. Ten stationary receivers (AQRM-1000,
Aquasond Inc., Japan) were used to form the LBL
biotelemetry array. Receiver 1 to Receiver 8 was
mainly used to collect the signals from the test ﬁsh
in the set net. Receiver 9 and Receiver 10 were
mainly used to observe the approximate location
information of the experimental ﬁsh after escaping
from the set net, and Receiver 9 and Receiver 10
were respectively set on both sides of the lead net.
The receivers were ﬁxed 2 m below the surface of
the water around the set net through ﬂoat and sink.
The position of each receiver was recorded by the
handheld GPS (GARMIN-621sc), and the black triangle in Fig. 2 shows these positions. In order to
calibrate the clock difference between each receiver,
two synchronous ultrasonic transmitters were suspended 1 m underwater near receivers 4 and 8,
respectively. [1,20]. The ultrasonic transmitters used
in this study were Goldcode Pinger (AQPX-1030P,
62.5 kHz, Aquasond Inc., Japan). This system can
identify up to 32 ultrasonic transmitters at the same
time. The ultrasonic transmitter was implanted in
the abdomen of the experimental ﬁsh by surgery.
The depth change of the experimental ﬁsh was obtained by the depth sensor inside the ultrasonic
transmitter. According to the time difference between the ultrasonic signals propagating from the
experimental ﬁsh and at least three receivers,
combining the depth data obtained by the depth
sensor, the hyperbolic positioning method was used
to determine the position of the experimental ﬁsh,
which is also called LBL tracking [20]. A total of 11

Fig. 2. Diagram of the set net used in Sayram Lake. The black triangles represent the positions of receivers, and the numbers represent the lengths of
each part of the set net (in meters).
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experimental ﬁsh were released into the playground
area of the set net, and the release experiment was
carried out in three stages. The ﬁrst time was 15:30
on June 23, 2018; two peleds were released, and the
setting interval of the ultrasonic transmitter was 2 s.
The second time was 12:10 on June 24, 2018; a total
of 5 peleds were released with an ultrasonic signal
interval of 1 s. The third time was June 27, 2018,
16:12; a total of 4 peleds were released, with an ultrasonic signal interval of 1 s.
2.2. Inferring the general position of the
experimental ﬁsh based on the number of signals
received by each receiver
Because of the changeable weather condition in
the plateau lake, the receivers sometimes could not
receive enough effective signals from the ultrasonic
transmitter, and because of the inﬂuence of multiple
reﬂection waves from the lake bottom, the lake
surface, and the ﬁshing net, it was sometimes difﬁcult to accurately calculate the position of the
experimental ﬁsh. As a result, the tracking results
calculated by the hyperbolic positioning method are
incomplete. Therefore, in this study, we used
another method to analyze the position information
of the experimental ﬁsh as a supplement when it
was difﬁcult to track using the LBL method. Since
the effective receiving range of the receiver is
limited, in a certain period of time, if a receiver
received signiﬁcantly more signals than other receivers, we determined that the experimental ﬁsh
mainly moved around this receiver during this
period. In the same way, we also used this method
to determine when the experimental ﬁsh eventually
escaped from the receiver array area. This method is
based on the number of received signals used for
locating, so in this paper we referred to this method
as NRS.
2.3. Swimming speed measurement in situ
On the base of the LBL biotelemetry system, the
swimming speed of the peled in the lake was
calculated. The following steps were taken: (1) According to the scattered plot of the hyperbolic
positioning result, the track segments of the swimming path, which was approximately a straight line,
were selected. (2) The line segments located inside
the receiver array were determined from the track
segments obtained in Step 1, because the position
measurement error in the array was small. (3) According to the track line segments obtained in Step
2, the coordinates of the ﬁrst and last points of the
track segments and the corresponding time were

recorded, respectively. (4) The average swimming
speed was obtained by dividing the distance difference of each set of coordinates in Step 3 by each
set of time differences. The swimming speed was
calculated using the head and tail coordinates of the
track lines rather than the adjacent coordinates
because there were errors at each measurement
point, and the overall error can be effectively
reduced by using the ﬁrst and last coordinates of the
track of the line segment. (5) The multiple swimming speeds of each ﬁsh were calculated, and an
average value was determined.

3. Results
3.1. Vertical movement of the peled
Eleven experimental ﬁsh were recorded as
C1eC11 according to the release time order.
Because the effective receiving signal range of the
receiver was limited, and there was noise interference, the number of signals from each experimental
ﬁsh received by different receivers in each time
period was different. Therefore, when processing
the depth data of the experimental ﬁsh, we separately calculated the depth of each experimental ﬁsh
and processed it at hourly intervals. Since different
receivers received different numbers of signals in
the same hour, we selected the receiver with the
largest number of signals for depth calculation.
According to the depth calculation result, it was
found that the swimming depth of the peled was
always between 0 and 15 m. Occasionally, the peled
dove to 20 m, but soon returned to the shallow
water. There was no signiﬁcant difference in
swimming patterns between day and night according to the depth diagrams of C3, C4, and C6. Fig. 3
shows four representative swimming depth diagrams within 12 h after the peled were released. The
triangle marks in the ﬁgure indicate that the
experimental ﬁsh left the waters near the set net
temporarily or permanently because no receiver
could receive an effective depth signal at that time
interval. As can be seen in Fig. 3-C1 and Fig. 3-C3,
there is more than 1 triangle mark in the depth diagrams, indicating that the test ﬁsh escaped from
the set net area several times and then returned to
the set net area again.
3.2. Position tracking of the experimental ﬁsh in a
large-scale set net
As mentioned above, due to environmental conditions and other factors, the data amount of each
experimental ﬁsh recovered from the receiver was
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Fig. 3. Example images of the vertical movement of the peled within 12 h after being released. The triangle marks in the ﬁgure indicate that the
experimental ﬁsh left the waters near the set net temporarily or permanently.

quite different. Therefore, we selected four experimental ﬁsh with sufﬁcient effective data for LBL
hyperbolic positioning analysis. The tracking result
is shown in Fig. 4. For the remaining seven ﬁsh, the
NRS tracking method is used to determine the time
and approximate location information when the
experimental ﬁsh escaped from the receiver array.
Figure 4 shows the results of the location-tracing
of four experimental ﬁsh. The circle in Fig. 4 represents the starting point of the tracks, the square
represents the position of the test ﬁsh before ﬁnally
disappearing, the arrow represents the direction in
which the ﬁsh were swimming, and the numbers
represents the order in which the test ﬁsh appear.
We can see in Fig. 4 that, after being released at
15:30, C1 moved toward the middle of the playground and escaped from the entrance of the playground about 8 min later. C1 then suddenly
appeared at the north of the lead net and moved
toward the playground along the lead net, after
which C1 appeared on the right side of the set net
again after about 4.5 h. Finally, the signals were
gradually lost because C1 was too far away from the
receiver. C2 was released at 15:30. After being
released, C2 started to move back and forth ﬁve

times in the east and west direction of the playground of the set net. After 3.3 h, C2 escaped from
the set net and ﬂed northwestward along the lead
net. C3 was released at 12:10. C3 and C2 had a
similar movement pattern, but C3 stayed in the
playground for less time than C2 and escaped from
the set net 1.7 h after being released. C10 was
released at 16:12. As can be seen from Fig. 4-C10,
C10 escaped through the net wall of the set net 3 h
after being released, and then through the net wall
of the lead net again. The four test ﬁsh escaped
ﬁrstly after staying in the set net for less than 3.3 h,
indicating that the design of the playground
entrance could not effectively prevent the ﬁsh from
escaping. The four test ﬁsh never entered the middle bag net before escaping, indicating that the
middle bag net channel could not effectively lure
the test ﬁsh into the bag net.
The bar graphs of Fig. 5 show the total number of
signals received by all receivers within each hour
after the test ﬁsh was released. It can be clearly seen
in the bar graphs that the test ﬁsh C1, C2, C3, C5,
C10, and C11 lost their signals from the 9th, 6th,
11th, 9th, 18th, and 17th hour, respectively, which
means that the test ﬁsh ﬁnally escaped from the set
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Fig. 4. Example images of the ﬁsh that escaped from the set net. Circles represent the starting point of the tracks, the squares represent the position of
the ﬁsh before ﬁnally disappearing, the arrows represent the direction in which the ﬁsh were swimming, and the numbers represent the order in which
the ﬁsh appear.

net area. According to the depth results, the depth
of C7 was stationary at about 23 m 1.7 h after being
released, which indicated that the transmitter was
likely to fall off from the ﬁsh. C9 is thought to have
been suspended on the net because its depth
remained constant at 2 m, and its horizontal position
also remains roughly unchanged. The bar graphs

also show that the C7 and C9 transmitters remained
in the set net because the received signals at each
hour were stable. Based on the depth change and
the number of received signals, we believe that C4,
C6, and C8 did not escape from the set net area.
According to the results of LBL analysis and the
change in NRS, the time taken by the test ﬁsh to

Fig. 5. The total number of signals received by all receivers within each hour over 24 h after the test ﬁsh were released. It can be clearly seen in the bar
graphs that the test ﬁsh C1, C2, C3, C5, C10, and C11 escaped from the set net area because the receivers ﬁnally lost the signal.
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Table 1. Residence time before escaping from the set net of 11 experimental ﬁsh.
Fish code

Signal interval (s)

Body length (cm)

Release time

Escaped or not in 24 h

Judgement method

Residence time (h)

C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11

2
2
1
1
1
1
1
1
1
1
1

e
e
34
35
32
32
33
33
34
38
e

15:30
15:30
12:10
12:10
12:10
12:10
12:10
16:12
16:12
16:12
16:12

Yes
Yes
Yes
No
Yes
No
/
No
/
Yes
Yes

LBL
LBL
LBL
NRS
NRS
NRS
/
NRS
/
LBL
NRS

9
6
11
/
9
/
/
/
/
18
17

6/23
6/23
6/24
6/24
6/24
6/24
6/24
6/27
6/27
6/27
6/27

escape from the set net area was determined, and
according to the number of signals from the experimental ﬁsh received by each receiver within an
hour before the experimental ﬁsh escaped from the
receiver array to determine the swimming direction
of the experimental ﬁsh when they escaped. The
experimental ﬁsh all moved toward the right side of
the set net after they escaped from the set net (facing
the lakeshore). The relevant results are shown in
Table 1.
Table 1 lists all ﬁsh tracking results, except for
those of C7 and C9. Six of the nine experimental ﬁsh
successfully escaped from the set net within 24 h,
and according to the result of the LBL and NRS, the
experimental ﬁsh all moved toward the right side of
the set net after they escaped from the set net (facing
the lakeshore).
3.3. Swimming speed of the peled
The average swimming speed of the four experimental ﬁsh in Fig. 4 was calculated according to the
operation steps above. The average swimming
speed of the four experimental ﬁsh in Fig. 4 was 0.87
BL/S, 0.87 BL/S, 1.49 BL/S, and 1.03 BL/S, respectively. Fig. 6 shows the frequency of the swimming

velocity of the experimental ﬁsh in situ. It can be
seen in the diagram that the swimming velocity in
the open water of the peled was mainly distributed
in the range of 0.6e1.0 BL/S. The range of this velocity was assumed to be the normal cruise speed of
the peled. The distribution frequency from 1.0BL/S
to 2.2BL/S decreased gradually, which is believed to
be the swimming speed associated with foraging
behavior or escape behavior.

4. Discussion
4.1. Swimming speed in situ
The swimming speed characteristics of ﬁsh can
reﬂect behavior of foraging, migration, avoidance,
and so on. It is also necessary to consider the
swimming speed characteristics of ﬁsh in work on
the environmental management, aquaculture, and
design of ﬁsh passageways [17]. Up to now, research
on ﬁsh swimming speed measurements has been
mostly carried out in indoor circulating ﬂumes or
small ponds. Two methods to measure the swimming speed of ﬁsh in open water area have been
reported in previous literature. One is stationary
bottom split-beam hydroacoustics [2], and the other
is the stereocinematographic (SCG) method [5].

Fig. 6. Swimming speed distribution of the peled measured in this study.
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Distinguishing individual ﬁsh is difﬁcult with both
of these methods. The detectable distance for
swimming speed measurements is short because of
the effective beam range of split-beam hydroacoustics and the limitation of the observation range
of visual cameras. On the contrary, a biotelemetry
receiver array covering hundreds of meters can be
easily arranged to measure the swimming speed of
ﬁsh in open water. A large number of ﬁsh can be
tagged and detected simultaneously by this method
because every acoustic transmitter has a unique
code. Although there will be some errors when
calculating the swimming speed of ﬁsh by using the
tracking results of the LBL method [20], several
steps have been adopted to reduce these errors.
Moreover, according to the research results of
Thorstad [22], the swimming speed of adult atlantic
salmon (1021e2338 g, total body length 45e59 cm)
was not affected when equipped with external or
body-implanted biotelemetry transmitters (cylinder,
54  12 cm) compared with untagged controls [22].
The average body length of adult peled in this study
was about 34 cm, but the transmitter here was
smaller. Therefore, we hypothesized that the ultrasonic transmitter used in this study had no signiﬁcant effect on the swimming speed of the adult
peled. We are considering doing further experiments in the future to determine the effect of the
implantation of transmitters on the swimming
speed of peled.
4.2. Fish behavior around the set net
The tracking results in this study showed that,
after being released, the peled basically hovered in
the playground and then escaped from the entrance
of the playground. Rarely did the ﬁsh enter the
middle bag net. This indicates that the structure of
the entrance of the playground and the middle bag
net need to be improved. It is suggested that the
structure should be improved by adding a return
structure or a slope net at the entrance of the playground, as well as a slope net or a funnel net at the
entrance of the bag net, because a slope net and a
funnel net can effectively prevent the ﬁsh from
escaping through the entrance of the playground or
the bag net [14]. Only two ﬁsh swam into the righthand bag net of the set net after 24 h, and all the ﬁsh
that escaped from the set net tended to swim
clockwise along Sayram Lake and tended to swim
toward shallow water. Therefore, we should
consider whether we should change the location of
the set net and whether it is necessary to set two bag
nets on both sides of the set net to facilitate
improved ﬁshing results based on the behavioral

characteristics described above. In addition, it was
found that the experimental ﬁsh swam through the
net of the playground and the lead net. The net
mesh size of the playground and the lead net was 11
cm. The adult experimental ﬁsh that passed through
the net were 38 cm long and 9.9 cm high, so these
ﬁsh can swim through the net. It is important to
consider what methods can prevent this phenomenon from occurring, such as reducing the mesh size
of the net or using a certain color of net according to
the visual characteristics of the target ﬁsh [14].
According to the results of this survey, the
experimental ﬁsh all moved toward the right side
(facing the lakeshore) of the set net after they
escaped from the set net. Based on this fact, we
believe that setting one tuyere for the set net instead
of the original two tuyeres will facilitate the
escaping ﬁsh to enter the net again, and even prevent the ﬁsh from escaping from the set net to some
extent. It is necessary to demonstrate this conclusion, so as to improve the set net effectively. In
addition, in order to obtain the behavioral characteristics of peled in Sayram Lake, we also conducted
a preliminary tracking experiment in 25 July, 2017.
We used the short base line (SBL) method to carry
out a tentative tracking experiment in Sayram Lake.
We constructed a receiver array on a small boat
consisting of four receivers. Pinger was surgically
implanted in the abdomen of the ﬁsh, and based on
the differences between times at which Pinger signals reach different receivers, the position of the
Pinger can be judged in real time [16]. The tracking
results are as shown in Fig. 7. Although only two ﬁsh
were tracked in this SBL tracking experiment,
combined with the results in the set net, we found
that the peled had a tendency to move along the
shallow water area of the lake and along the clockwise direction of the lake. This clockwise movement
behavior along the lake may be related to the direction of the water current. This information is
critical to the location selection of the set net.
Some ﬁsh, such as Thunnus obesus and Xiphias
gladius, have distinct diurnal depth patterns, and
diurnal depth patterns are considered to be correlated with light penetration and water temperature
[6,15,19]. However, there has not been any relevant
research on the vertical movement model behavior
of peled. The vertical movement result in this study
shows that there is no signiﬁcant difference in the
swimming patterns of peled between day and night.
In this experiment, the maximum tracking time was
43 h, because the experimental ﬁsh could easily
escape from the receiver array, and the tracking
time may be too short to observe the diurnal depth
patterns. The behavior characteristics of the
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Fig. 7. The result of SBL tracking by boat on the west side of Sayram Lake in 25 July 2017. S1 and S2 are the two release positions of the boat-tracking
experiment, and the black thick line is the tracking path of the boat. S3 is the set net position in this experiment, and the black arrow represents the
escape direction of the test ﬁsh.

experimental ﬁsh in the set net may be different
from those in open water because the ﬁsh were
conﬁned to a single area, so the limitation of the set
net may have affected the diurnal migration patterns of the experimental ﬁsh. We are also considering large-scale tracking studies of peled along the
shore of Sayram Lake to obtain more accurate information on vertical movement behavior.
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